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(57) ABSTRACT

Provisioned is a selecting unit configured to select a bright
spot image corresponding to a reflected light beam reflected
by the cornea of the subject eye from among a plurality of
bright spot images on the basis of a positional relationship
between a first bright spot image formed from a plurality of
bright spot images corresponding to a first light beam in a
first direction and a second bright spot image corresponding
to a second light beam in a second direction different than
the first direction, and a calculating unit configured to
calculate a state of alignment between the subject eye and a
measuring unit using the bright spot image selected from the
first bright spot images.
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OPHTHALMIC DEVICE, CONTROL
METHOD, AND NON-TRANSITORY
COMPUTER READABLE MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ophthalmic device, and
a control method and program thereof. More particularly, the
present invention relates to an ophthalmic device configured
to measure characteristics of a subject eye and photograph
the subject eye, a control method for the ophthalmic device,
and a program to control the ophthalmic device.

2. Description of the Related Art

Using ophthalmic devices which measure the character-
istics of a subject eye, to perform auto-alignment to obtain
alignment between the subject eye and the optical system of
the device by projecting a light beam onto the cornea of the
subject eye, and detecting the reflected image by a light-
receiving element, is known.

For example, Japanese Patent Publication No. 3576656
discloses an alignment method for an ophthalmic device in
which positional information of the three-dimensional direc-
tion between the subject eye and the optical system of the
device is detected from the positional relationship of the
reflected image separated and received by a pair of light
deflection members.

Now, an operation is performed for patients with cataracts
to insert an intraocular lens (IOL, also called an “artificial
lens”) in place of the crystalline lens.

SUMMARY OF THE INVENTION

However, the refractive index of the IOL is higher than
that of the crystalline lens, and the light beam projected onto
the cornea is reflected as the IOL reflected light. For this
reason, according to the method of the related art, there have
been problems in which IOL reflection ghosts are falsely
detected as the actual reflected image for alignment. Because
of such problems, auto-alignment may not complete suc-
cessfully in ophthalmic devices that have an auto-alignment
function, for example. When auto-alignment cannot be
performed, the examiner has to align the device manually to
take measurements, which requires more measurement time.

It has been found desirable to provide an ophthalmic
device and an alignment method for ophthalmic devices in
which actual reflected images for alignment that are not IOL
reflection ghosts are correctly selected for subject eyes that
have the IOL.

The present invention includes a measuring unit config-
ured to measure information of a subject eye, a first pro-
jecting unit configured to project a light beam onto the
subject eye in a first direction, a second projecting unit
configured to project a light beam onto the subject eye from
a second direction different than the first direction of the first
projecting unit, a selecting unit configured to select a bright
spot image corresponding to a reflected light beam reflected
by the cornea of the subject eye from among a plurality of
bright spot images on the basis of a positional relationship
between a first bright spot image formed from a plurality of
bright spot images corresponding to the light beam projected
by the first projecting unit and a second bright spot image
corresponding to the light beam projected from the second
projecting unit, and a calculating unit configured to calculate
a state of alignment between the subject eye and a measuring
unit using the bright spot image selected from the first bright
spot images.
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Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external view of an eye refractometer related
to an embodiment of the present invention.

FIG. 2 is a layout view of an optical system in a measuring
unit regarding the embodiment illustrated in FIG. 1.

FIG. 3 is a perspective view of an alignment prism
diaphragm.

FIG. 4 is a system block diagram of the eye refractometer
related to an embodiment of the present invention.

FIGS. 5A through 5C are descriptive views of an anterior
ocular segment image during cornea bright spot auto-align-
ment.

FIG. 6 is a diagram illustrating the cornea bright spot in
an IOL-implanted eye.

FIG. 7 is a diagram illustrating the anterior ocular seg-
ment image of the cornea bright spot in an IOL-implanted
eye.
FIG. 8 is a flowchart describing the alignment method
related to an embodiment of the present invention.

FIG. 9 is a diagram illustrating a cornea bright spot
selection method for IOL-implanted eyes.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, the present invention will be described in
detail based on an embodiment in the figures. The following
embodiment exemplifies an ophthalmic device as an eye
refractometer 1 configured to measure eye refraction infor-
mation.

Overall Configuration of the Device

First, the overall configuration of the eye refractometer 1
related to the embodiment of the present invention will be
described with reference to FIG. 1. FIG. 1 is a schematic
diagram illustrating a configuration diagram of the eye
refractometer 1 configured to measure eye refraction infor-
mation as the ophthalmic device related to the present
embodiment.

The eye refractometer 1 related to the embodiment of the
present invention includes a base 100, an X-axis drive frame
102, a Y-axis drive frame 106, a Z-axis drive frame 107, and
a measuring unit 110.

The X-axis drive frame 102 is movable horizontally
(direction perpendicular to the paper surface, hereinafter, the
X-axis direction) in relation to the base 100. An X-axis
direction drive mechanism, which is an example of a driving
unit, in the X-axis drive frame 102 is configured with an
X-axis drive motor 103, an X-axis feed screw (not illus-
trated), and an X-axis feed nut (not illustrated). The X-axis
drive motor 103 is fixed to the base 100. The X-axis feed
screw is coupled to the output shaft of the X-axis drive
motor 103. The X-axis feed nut is fixed to the X-axis drive
frame 102, and can move the X-axis feed screw in the X-axis
direction. The X-axis feed screw rotates by the rotation of
the output shaft of the X-axis drive motor 103, and the
X-axis drive frame 102 moves in the X-axis direction
together with the X-axis feed nut.

The Y-axis drive frame 106 is movable vertically (direc-
tion vertical to the paper surface, hereinafter, the Y-axis
direction) in relation to the X-axis drive frame 102. A Y-axis
direction drive mechanism, which is an example of a driving
unit, in the Y-axis drive frame 106 is configured with a
Y-axis drive motor 104, a Y-axis feed screw 105, and a
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Y-axis feed nut 114. The Y-axis drive motor 104 is fixed to
the X-axis drive frame 102. The Y-axis feed screw 105 is
coupled to the output shaft of the Y-axis drive motor 104.
The Y-axis feed nut 114 is fixed to the Y-axis drive frame
106, and can move the Y-axis feed screw 105 in the Y-axis
direction. The Y-axis feed screw 105 rotates by the rotation
of the output shaft of the Y-axis drive motor 104, and the
Y-axis drive frame 106 moves in the Y-axis direction
together with the Y-axis feed nut 114.

The Z-axis drive frame 107 is movable longitudinally
(left-right direction on the paper surface, hereinafter, the
Z-axis direction) in relation to the Y-axis drive frame 106. A
Z-axis direction drive mechanism, which is an example of a
driving unit, in the Z-axis drive frame 107 is configured with
a Z-axis drive motor 108, a Z-axis feed screw 109, and a
Z-axis feed nut 115. The Z-axis drive motor 108 is fixed to
the Z-axis drive frame 107. The Z-axis feed screw 109 is
coupled to the output shaft of the Z-axis drive motor 108.
The Z-axis feed nut 115 is fixed to the Y-axis drive frame
106, and can move in the Z-axis direction relative to the
Z-axis feed screw 109. The Z-axis feed screw 109 rotates by
the rotation of the output shaft of the Z-axis drive motor 108,
and the Z-axis drive frame 107 moves in the Z-axis direction
together with the Z-axis drive motor 108 and the Z-axis feed
screw 109.

The measuring unit 110 is fixed to the top of the Z-axis
drive frame 107. The measuring unit 110 functions as an
obtaining unit to obtain the eye refraction, which is one part
of the unique information for subject eye E.

A light source unit 111 configured to serve as a light
source (not illustrated) for alignment and to measure corneal
curvature is installed to the end of the measuring unit 110 on
the subject eye side.

An LCD monitor 116 is installed to the end of the
measuring unit 110 on the examiner side. The LCD monitor
116 is a display member configured to monitor the subject
eye E. The LCD monitor 116 can display images of the
subject eye E and measurement results.

A joystick 101 is installed to the end of the base 100 on
the examiner side. The joystick 101 is an operation member
configured to align the measuring unit 110 with the subject
eye E (alignment). During measurement, the examiner can
adjust the position of the measuring unit 110 by tilting the
joystick 101.

When measuring the eye refraction, the subject rests the
chin on a chinrest 112, and rests the forchead against a
forehead rest portion on the face rest frame (not illustrated)
fixed to the base 100 to secure the position of the subject eye
E. The position of the chinrest 112 is adjustable in the Y-axis
direction by a chinrest drive mechanism 113.

Measuring Unit

Next, the configuration of the measuring unit 110 will be
described with reference to FIG. 2. FIG. 2 is a schematic
diagram illustrating the configuration of the measuring unit
110, and mainly is a layout view illustrating the internal
optical system.

An optical system for measuring eye refraction, a fixation
target projecting optical system, and an alignment light-
receiving optical system are arranged in the measuring unit
110. The alignment light-receiving optical system is used for
both observation of the anterior ocular segment of the
subject eye E and alignment detection.

The configuration of the optical system for measuring eye
refraction is described next. An eye refraction measuring
light source 201, which is an example of a first projecting
unit, is a light source configured to project a light beam
having a wavelength of 880 nm (first light beam) to a
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predetermined portion of the subject eye E. A projecting lens
202, a diaphragm 203, an apertured mirror 204, a lens 205,
and a dichroic mirror 206 are arranged in this order along an
optical path 01 extending from the eye refraction measuring
light source 201 to the subject eye E. The diaphragm 203 is
disposed nearly conjugate to a pupil Ep of the subject eye E.
The lens 205 functions as a projecting unit. The dichroic
mirror 206 reflects all visible light and infrared light having
a wavelength of less than 880 nm from the subject eye E
side, and reflects a portion of the light beam having a
wavelength of at least 880 nm.

A diaphragm 207, a light beam spectroscopic prism 208,
a lens 209, and an imaging device 210 are arranged in this
order along an optical path 02 in the reflected direction of the
apertured mirror 204. The diaphragm 207 is provisioned
with an annular slit, and is disposed nearly conjugate with
the pupil Ep.

The light beam emitted by the eye refraction measuring
light source 201 is focused by the diaphragm 203, and is
subjected to primary imaging in front of the lens 205 by the
projecting lens 202. The light beam passes through the lens
205 and the dichroic mirror 206, and is then projected into
the pupil center of the subject eye E.

The projected light beam is reflected by a fundus Er, and
this reflected light beam (fundus reflected light beam) passes
through the pupil center to again enter the lens 205. After
passing through the lens 205, the reflected light beam is
reflected near the apertured mirror 204.

The light beam reflected near the apertured mirror 204 is
pupil-separated by the light beam prism spectroscopic 208
and the diaphragm 207, which is nearly conjugate to the
pupil Ep of the subject eye E, and then projected as a ring
image to the light-receiving surface of the imaging device
210.

The imaging device 210 images the projected ring image.

If the subject eye E has normal vision, the projected ring
image will form a predetermined circle. For eyes with
myopia, the ring image circle is smaller than that of eyes
with normal vision. For eyes with hyperopia, the ring image
circle is larger than that for eyes with normal vision.

For subject eyes E with astigmatism, the ring images
forms an ellipse, and the angle formed by the horizontal axis
and the ellipse is the astigmatism axial angle. A system
control unit 401 (described later) obtains the eye refraction
on the basis of the coefficient from this ellipse.

Conversely, a fixation target projecting optical system and
an alignment light-receiving optical system are arranged
along the reflected direction of the dichroic mirror 206.

A lens 211, a dichroic mirror 212, a lens 213, a reflecting
mirror 214, a lens 215, a fixation target 216, and a fixation
target lighting light source 217 are arranged in this order
along an optical path 03 of the fixation target projecting
optical system.

The fixation target lighting light source 217 lights during
fixation guidance. The projected light beam emitted by the
fixation target lighting light source 217 lights the fixation
target 216 from the rear. The light beam that has passed
through the fixation target 216 is projected to the fundus Er
of the subject eye E via the lens 215, the reflecting mirror
214, the lens 213, the dichroic mirror 212, and the lens 211.

The lens 215 is movable in the optical axis direction by a
fixation target guidance motor 224. As a result, the lens 215
performs diopter guidance for the subject eye E, enabling a
fogging state to be achieved.

An alignment prism diaphragm 223, which is an example
of a deflector, an imaging lens 218, and an imaging device
220 are arranged in this order along an optical path 04 in the
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reflecting direction of the dichroic mirror 212. The align-
ment prism diaphragm 223 is inserted onto and removed
from the optical path 04 by an alignment prism diaphragm
insertion and removal solenoid (not illustrated). When the
alignment prism diaphragm 223 is on the optical path 04,
alignment can be performed, and when removed from the
optical path, anterior ocular segment observation or transil-
lumination observation can be performed.

The configuration of the alignment prism diaphragm 223
will now be described with reference to FIG. 3. FIG. 3 is a
diagram schematically illustrating the form of the alignment
prism diaphragm 223. Three openings 2234, 2235, and 223¢
are formed in a disc-shaped aperture plate 2234 so as to line
up serially. Alignment prisms 301a and 3015 which transmit
only light beams having wavelengths around 880 nm are
attached to the dichroic mirror 212 side of the openings 2235
and 223c¢ at either side.

Returning to FIG. 2, anterior ocular segment lighting light
sources 221a and 2215 having wavelengths around 780 nm,
which are a second projecting unit, are arranged diagonally
forward to the anterior ocular segment of the subject eye E.
The anterior ocular segment lighting light sources 221a and
2215 project light beams of the aforementioned wavelength
(second light beam) to the anterior ocular segment of the
subject eye E. The term “light beam” includes all light that
is not completely diffused. The anterior ocular segment
lighting light sources 221a and 2215 can project light beams
from a direction different than that of the optical path 01
(light axis of light beams from the eye refraction measuring
light source 201) extending from the eye refraction measur-
ing light source 201 to the subject eye E in relation to the
subject eye E. The two anterior ocular segment lighting light
sources 221a and 2215 are provisioned in positions sym-
metrical with respect to the optical path 01 extending from
the eye refraction measuring light source 201 to the subject
eye E. The two anterior ocular segment lighting light sources
221a and 2215 can project light beams to two locations
symmetrical with respect to light beams projected from the
eye refraction measuring light source 201, which are the
corneas of the subject eye E. The reflected light beam from
the subject eye E reaches the surface of the light-receiving
sensor of the imaging device 220 via the dichroic mirror
206, the lens 211, the dichroic mirror 212, and the opening
223a in the center of the alignment prism diaphragm 223.
The imaging device 220 forms an image of the anterior
ocular segment of the subject eye E by detecting the
reflected light beam that has arrived.

The light source for alignment detection is also used as the
eye refraction measuring light source 201. During align-
ment, a semi-transparent diffusion plate 222 is inserted onto
the optical path 01 by a diffusion plate insertion and removal
solenoid (not illustrated).

The position where the diffusion plate 222 is inserted is
nearly the primary imaging position of the projecting lens
202 in the eye refraction measuring light source 201, and the
focus position of the lens 205. As a result, the light beam
from the eye refraction measuring light source 201 is imaged
once on the diffusion plate 222, and then becomes a sec-
ondary light source. The light from this secondary light
source heads toward the subject eye E from the lens 205
becoming a thick parallel light beam, and is then projected
onto the subject eye E.

This parallel light beam is reflected by a cornea Ef of the
subject eye E. This reflected light beam forms a bright spot
image. A portion of this reflected light beam is reflected by
the dichroic mirror 206, and then reflected by the dichroic
mirror 212 through the lens 211. This reflected light beam
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passes through the openings 2235 and 223¢ in the alignment
prism diaphragm 223, and the alignment prisms 301a and
3015. The light beam that has passed through the alignment
prism 301a is refracted downward (deflected), and the light
beam that has passed through the alignment prism 3015 is
refracted upward (deflected). These refracted light beams are
converged by the imaging lens 218 being formed into an
image by the imaging device 220.

The opening 223a in the center of the alignment prism
diaphragm 223 is configured to pass light beams having
wavelengths of at least 780 nm from the anterior ocular
segment lighting light sources 221a and 2214. Thus, the
light beam illuminated by the anterior ocular segment light-
ing light sources 221a and 2215 and reflected by the anterior
ocular segment follows a path similar to the path of the light
beam reflected by the cornea Ef, passing through the open-
ing 223q in the alignment prism diaphragm 223 and being
formed into an image on the imaging device 220 by the
imaging lens 218.

The imaging device 220 images an image that includes
the imaged light beams (bright spot image). The system
control unit 401 (described later) detects the position of the
light beam (bright spot image) included in the imaged
image. The system control unit 401 (described later), which
is an example of an auto-alignment unit, can perform
auto-alignment of the subject eye E by the positional rela-
tionship with the light beam via these diaphragms.

System Configuration

Next, the system configuration of the eye refractometer 1
will be described with reference to FIG. 4. FIG. 4 is a system
block diagram of the eye refractometer 1.

The system control unit 401 controls the entire system.
The system control unit 401 includes a program storage unit
491, a data storage unit 492, an input and output control unit
493, and a calculation processing 494. A computer program
in a computer-readable format for controlling the eye refrac-
tometer 1 is stored in the program storage unit 491. Data for
correcting the eye refraction value, etc. is stored in the data
storage unit 492. The input and output control unit 493
controls input and output between various devices. The
calculation processing 494 reads and executes the computer
program stored in the program storage unit 491. As a result,
control of each unit and predetermined processing is per-
formed on data obtained from each unit (for example,
images taken by the imaging devices 210 and 220).

An inclination angle input unit 402 detects forward,
backward, left, and right inclination angles when the joy-
stick 101 is operated, and transmits these angles to the
system control unit 401. A Y axis encoder input unit 403
detects the rotational angle when the joystick 101 is oper-
ated, and transmits these angles to the system control unit
401. A measurement start switch 404 is an operation member
that operates to start measuring. The measurement start
switch 404 transmits signals to the measurement start switch
404 in response to being operated. The examiner can per-
form auto-alignment of the measuring unit 110 and the
operation to start measuring by using the joystick 101.

A print switch, chinrest vertical movement switches, etc.
are disposed on an operation panel 405 arranged to the base
100. When these switches are operated, signals are trans-
mitted to the system control unit 401 in response to the
operated switch.

The imaging device 220 transmits anterior ocular segment
images of the subject eye E to the system control unit 401.
The imaging device 210 transmits ring images for imaged
eye refraction calculations to the system control unit 401.
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Memory 408 stores anterior ocular segment images of the
subject eye E imaged by the imaging device 220, ring
images for eye refraction calculations imaged by the imag-
ing device 210, and other types of data.

The system control unit 401 extracts the pupil image of
the subject eye E and the cornea reflection image from the
images stored in the memory 408, and performs the align-
ment detection. The system control unit 401 synthesizes text
and graphical data into the anterior ocular segment image of
the subject eye E imaged by the imaging device 220.

The LCD monitor 116 displays the anterior ocular seg-
ment image, measurement values, etc. in accordance with
the control from the system control unit 401.

A solenoid drive circuit 409 drives a diffusion plate
insertion and removal solenoid 410 and an alignment prism
diaphragm insertion and removal solenoid 411 in accordance
with control from the system control unit 401.

A motor drive circuit 413 drives the X-axis drive motor
103, the Y-axis drive motor 104, the Z-axis drive motor 108,
the motor in the chinrest drive mechanism 113, and the
fixation target guidance motor 224 in accordance with the
control from the system control unit 401.

A light source drive circuit 412 turns on/off and changes
the amount of light of the eye refraction measuring light
source 201, the anterior ocular segment lighting light
sources 221a and 2215, and the fixation target lighting light
source 217 in accordance with the control from the system
control unit 401.

Operation of the Eye Refractometer

The operation of the eye refractometer 1 provisioned with
a configuration as described beforehand will now be
described.

First, the auto-alignment operation will be described with
reference to FIGS. 5A through 5C. FIGS. 5A through 5C are
diagrams schematically illustrating the anterior ocular seg-
ment image during auto-alignment.

During auto-alignment as illustrated in FIGS. 5A through
5C, the system control unit 401 turns on the eye refraction
measuring light source 201 and the anterior ocular segment
lighting light sources 221a and 2215 via the light source
drive circuit 412.

The light beam projected from the eye refraction measur-
ing light source 201 is reflected by the cornea Ef. The cornea
bright spot image from the reflected light beam correspond-
ing to this light beam is imaged by the imaging device 220
as index images Ta, Tb, and Tc (first bright spot image). That
is to say, the light beam (cornea bright spot image) divided
by the openings 2234, 2235, and 223¢ in the alignment prism
diaphragm 223 and the alignment prisms 301a¢ and 3015 is
formed into the index images Ta, Tb, and Tc by the imaging
device 220.

The light beams projected from the anterior ocular seg-
ment lighting light sources 221a and 22154 are reflected by
the cornea Ef of the subject eye E. Bright spot images 2214
and 2215' (second bright spot image) from the reflected light
beam corresponding to this light beam is imaged by the
imaging device 220 together with the anterior ocular seg-
ment of the subject eye E onto which light has been
illuminated onto by the anterior ocular segment lighting
light sources 221a and 2216.

Therefore, as illustrated in FIGS. 5A through 5C, index
images Ta, Tb, and Tc from the cornea bright spot image and
the bright spot images 221q¢' and 2214' from the anterior
ocular segment lighting light sources 221a and 2215 are
reflected in the anterior ocular segment imaged by the
imaging device 210.
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The system control unit 401 calculates the state of align-
ment from the anterior ocular segment image imaged by the
imaging device 210. The system control unit 401 performs
auto-alignment of the measuring unit 110 on the basis of the
calculated state of alignment so that a proper state of
alignment is achieved. The state of alignment is also called
the state of the positional relationship between the optical
system of the measuring unit 110 and the subject eye E. The
proper state of alignment is the state in which the light axis
of the optical path 01 matches the center of the cornea Ef of
the subject eye E in relation to the X-axis and Y-axis
directions. Regarding the Z-axis direction, the proper state
also refers to the distance from the measuring unit 110 to the
subject eye E is in a state in which the distance is suitable
for imaging the subject eye E. This distance is determined
according to the configuration of the optical system in the
measuring unit 110 (for example, the configuration of the
diaphragm 203). FIGS. 5A through 5C are diagrams illus-
trating schematically the relationship between the state of
alignment and the three index images Ta, Tb, and Tc. As
illustrated in FIGS. 5A through 5C, when the position is
suitable in relation to the X-axis direction and the Y-axis
direction (the state of alignment in relation to the X- and
Y-axis directions is proper), the center index image Tb is
positioned to the center of the cornea Ef of the subject eye
E. As illustrated in FIG. 5B, when the distance between the
measuring unit 110 and the subject eye E is proper (the state
of'alignment in relation to the Z-axis direction is proper), the
three index images Ta, Tb, and Tc line up in series vertically.

That is to say, the alignment prism diaphragm 223 divides
the reflected light beam from the subject eye E into three
light beams deflected in different directions. The alignment
prism diaphragm 223 is configured so that the three index
images Ta, Tb, and Tc line up vertically when the distance
between the measuring unit 110 and the subject eye E is the
proper distance for observing the subject eye E.

During auto-alignment, the system control unit 401
detects the three index images Ta, Tb, and Tc reflected in the
anterior ocular segment image. The system control unit 401
calculates the direction of deviation and the amount of
deviation between the center index image Ta and the cornea
Ef of the subject eye E after detecting the three index images
Ta, Tb, and Te. Next, the system control unit 401 controls the
motor drive circuit 413 to move the measuring unit 110
vertically and horizontally (X- and Y-axis directions) toward
the position where the center of the index image Ta is in the
center of the cornea Ef (where the amount of deviation is
zero). The system control unit 401 stops moving the mea-
suring unit 110 vertically and horizontally after the center
index image Ta is positioned to the center of the cornea Ef.

The system control unit 401 then calculates the state of
alignment in relation to the Z-axis direction of the measuring
unit 110 from the X-axis coordinates from the upper and
lower two index images Tb and Tc. That is to say, the system
control unit 401 calculates the difference in the X-axis
coordinates between the two index images Tb and Tc, and
then calculates the amount of deviation from the proper
position of the measuring unit 110 from the size of this
difference and whether it is positive or negative. FIG. SA
illustrates the anterior ocular segment image when the state
of alignment not acceptable because the measuring unit 110
is too far from the subject eye E. FIG. 5C illustrates the
anterior ocular segment image when the state of alignment
not acceptable because the measuring unit 110 is too close
from the subject eye E. As illustrated in FIGS. 5A and 5C,
when the measuring unit 110 is either too close to or too far
from the subject eye E, the two index images Tb and Tc
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deviate relative to the X-axis direction. Whether the devia-
tion is a positive or negative value depends if the measuring
unit 110 is either too close to or too far from the proper state
in relation to the subject eye E. The relative amount of
deviation also varies depending on the distance from the
proper state. The system control unit 401 then controls the
motor drive circuit 413 to drive the measuring unit 110 in
longitudinally (Z-axis direction) so that the relative amount
of deviation between the two index images Tb and Tc is zero
(the three index images Ta, Tb, and Tc line up vertically).

As illuminated in FIG. 5B, the system control unit 401
completes the auto-alignment operation when the state in
which the center index image Ta is positioned to the center
of the cornea Ef of the subject eye E, and the three index
images Ta, Tb, and Tc line up as one row vertically.

In this way, the system control unit 401 uses the results of
detecting the positions of the index images Ta, Tb, and Tc to
calculate the state of alignment and perform auto-alignment
based on the calculation results.

According the aforementioned description, the illustrated
configuration executes auto-alignment using the calculated
state of alignment, but the configuration may be different
from this. For example, the system control unit 401 may
display the calculated state of alignment on the LCD moni-
tor 116. For example, the distance from the current position
of the measuring unit 110 to the position at which the proper
state is achieved may be disposed as the state of alignment.
An arrow illustrating the direction of movement from the
current position of the measuring unit 110 to the proper state
of alignment may also be displayed. The system control unit
401 may also perform auto-alignment while displaying the
state of alignment on the LCD monitor 116.

The operation to measure the eye refraction will be
described next.

When measuring the eye refraction, the system control
unit 401 removes the diffusion plate 222 inserted onto the
optical path 01 for auto-alignment from the optical path 01.
The system control unit 401 controls the light source drive
circuit 412 to adjust the amount of light from the eye
refraction measuring light source 201, and projects the
measurement light beam to the fundus Er of the subject eye
E.

The reflected light beam from the fundus Er (fundus
image) follows the optical path 02 reaching the imaging
device 210. The fundus image is projected to the imaging
device 210 in a ring form by the eye refraction of the subject
eye E and the diaphragm 207. The imaging device 210
images the fundus image projected in a ring form (ring
image). The imaged ring image is stored in the memory 408.

The system control unit 401 calculates the center of
gravity coordinates for the ring image of the fundus image
stored in the memory 408, and obtains equation for the
ellipse. The system control unit 401 calculates the major
axis, minor axis, and inclination of the major axis for the
obtained ellipse, and then calculates the eye refraction value
as the so-called preliminary measurement of the subject eye
E. This preliminary measurement is used to determine if the
subject eye E has myopia or hyperopia.

The system control unit 401 references the obtained eye
refraction value, and moves the lens 215 to the position
corresponding to this eye refraction value. As a result, the
system control unit 401 presents the fixation target 216 to the
subject eye E at the refractive index corresponding to the
refractive index of the subject eye E.

Afterwards, the system control unit 401 moves the lens
215 for a predetermined distance, fogs the fixation target
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216, and lights the eye refraction measuring light source 201
again to measure the eye refraction.

The system control unit 401 moves the lens 215 by
controlling the motor drive circuit 413 to drive the fixation
target guidance motor 224.

In this way, the system control unit 401 measures the eye
refraction, fogs the fixation target 216, and repeats the
measurement of the eye refraction. As a result, a stable final
measurement of the eye refraction can be obtained.

Index Image Selection

Next, the method to select the bright spot image in which
the cornea bright spot image (index image) is not ghosting
when the subject eye E has an IOL implant (artificial lens has
been implanted) will be described.

FIG. 6 is a diagram illustrating the cornea bright spot
image for an IOL-implanted eye. Light reflected by the
cornea Ef forms a virtual image P by these corneal reflec-
tions. A real image P' reflected by IOL 601 is formed from
projected light beams that were not reflected by the cornea
Ef. The actual image P' is formed closer to the cornea Ef than
the virtual image P.

FIG. 7 illustrates the anterior ocular segment image
imaged by the imaging device 220 for an IOL-implanted
eye. The cornea bright spot image is formed by the imaging
device 220 as the index images Ta, Tb, and Tc as described
previously, and cornea bright spot ghosts reflected by the
IOL 601 are formed by the imaging device 220 as index
images Ta', Tb', and Tc'.

As the corneal vertex and the vertex for IOL 601 are not
on the same axis, and the inclination of the cornea Ef and the
IOL 601 are different, the IOL reflection ghost reflected by
the IOL 601 is the index image Ta' that deviates from the
index image Ta, which is the cornea bright spot image,
horizontally and vertically depending on the state of the IOL
601. As illustrated in FIG. 6, the IOL reflection ghost
reflected by the IOL 601 forms an image at a position near
the cornea Ef, which becomes the index images Ta', Tb', and
Tc' inclined to the left in comparison with the index images
Ta, Tb, and Te, which are the cornea bright spot images.

If auto-alignment is performed based on the IOL reflec-
tion ghost index images Ta', Tb', and Tc', the auto-alignment
will complete at a position deviating from the subject eye E
at the X, Y, and Z positions.

By selecting the cornea bright spot image index images,
false detections of the index images using auto-alignment of
the IOL reflection ghost index images is prevented. There-
fore, auto-alignment can be properly performed.

FIG. 8 is a flowchart of the auto-alignment in which the
cornea bright spot image index images are selected. A
computer program for executing this processing is stored in
the program storage unit 491 in the system control unit 401
beforehand. The calculation processing 494 in the system
control unit 401 reads and executes this computer program
from the program storage unit 491. As a result, the process-
ing illustrated below is achieved.

As a step S01, this auto-alignment processing starts. After
this auto-alignment has started, the examiner has the subject
rest their chin on the chinrest 112, and adjusts the chinrest
112 with the chinrest drive mechanism 113 so that the
position of the subject eye E in the Y-axis direction reaches
a predetermined height. Specifically, the examiner operates
the joystick 101 to move the position of the measuring unit
110 so that the cornea image of the subject eye E is displayed
in the LCD monitor 116. Afterwards, the examiner pushes
the measurement start switch 404. Once the measurement
start switch 404 is pushed, the system control unit 401 starts
the auto-alignment.
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At a step S02, the system control unit 401 controls the
light source drive circuit 412 to light the eye refraction
measuring light source 201, which is an example of a first
projecting unit, and project a light beam on the subject eye
E. The imaging device 220 images the anterior ocular
segment of the subject eye E by detecting the light beam
reflected from the projected light beam by the subject eye E.
The imaged anterior ocular segment image is stored in the
memory 408. The remainder of the auto-alignment optical
system is constructed by the eye refraction measuring light
source 201, the imaging device 220, and any associated
configurations.

At a step S03, the system control unit 401 detects the
cornea reflection bright spot images 221a' and 2214' from
the anterior ocular segment image of the subject eye E stored
in the memory 408 by the anterior ocular segment lighting
light sources 221a and 2215, which are second projecting
units. FIG. 9 is a diagram schematically an example of the
anterior ocular segment image of the subject eye E stored in
the memory 408. The system control unit 401 calculates the
center positions (CX, CY) of the detected cornea reflection
bright spot images 221a' and 2215'. The following expres-
sion (1) is used for this calculation.

(CX, CY)=((Xm+Xn)/2,(Ym+Yn)/2)

At a step S04, the system control unit 401 detects the three
index images, which are formed by the light beam divided
by the alignment prism 223, from the anterior ocular seg-
ment image of the subject eye E stored in the memory 408.
As candidates for the cornea bright spot image index images,
the cornea bright spot image index images Ta, Tb, and Tc
and the IOL reflection ghost index images Ta', Tb', and Tc'
are detected. The detection of multiple bright spot images
based on the reflected light beam from the subject eye E is
executed in a module region, which is an example of a
detecting unit, in the system control unit 401.

The index images Tb and Tc divided by the alignment
prism 223 are positioned at a predetermined height and
horizontal position relative to the index image Ta, which
enables detection by limiting the detection range.

An example of the cornea bright spot image detection
method will now be illustrated.

As a first step, the center bright spot image from the
cornea bright spot image (index image Ta) is detected.

As a second step, the upper bright spot image (index
image Tb) is detected. The upper bright spot image (index
image Tb) is positioned at a predetermined height and
horizontally within a predetermined range relative to the
center bright spot image (index image Ta), which enables
detection by limiting the detection range.

As a third step, the lower bright spot image (index image
Tc) is detected. The lower bright spot image (index image
Tc) is positioned on a straight line that passed through the
upper bright spot image (index image Tb) and the center
bright spot image (index image Ta), and is positioned at a
predetermined height in relation to the upper bright spot
image (index image Tb). For this reason, detection is
enabled by limiting the detection range.

At the first step, index images Tb and Tc are also detected
as candidates for the center bright spot image from the
cornea bright spot image. However, when the index image
Tb or the index image Tc is detected as a candidate for the
center bright spot image, the upper bright spot image and the
lower bright spot image is not detected at the second step
and the third step. For this reason, when the upper bright
spot image is not detected at the second step, or the lower
bright spot image is not detected at the third step, the system
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control unit 401 determines the bright spot image detected at
the first step is not the center bright spot image (index image
Ta). Therefore, when the index image Ta is detected as the
center bright spot image, the index images Tb and Tc are not
detected as the center bright spot image.

By using such a detection method, the three cornea bright
spot images (index images) can be detected with a high level
of accuracy.

At a step S05, the system control unit 401 performs a
determination on which of the multiple index images, which
are cornea bright spot images, is to be used for auto-
alignment.

As described beforehand, the IOL reflection ghost index
image Ta' (Xa', Ya') appears at positions of varying X
coordinates and Y coordinates depending on the state of the
IOL 601 and the cornea bright spot image index image Ta
(Xa, Ya). Center points C of the index image Ta and the
cornea reflection bright spot images 221a' and 2214' from
the anterior ocular segment lighting light sources 221a and
2215 are also images reflected by the cornea. The anterior
ocular segment lighting light sources 221a and 2215 are
arranged so these center points have the same position. For
this reason, a distance D between the center point C and the
cornea bright spot image index image Ta is less than a
distance D' of the center point C and the IOL reflection ghost
index image Ta' (D<D'). The system control unit 401 cal-
culates the distance from the center point C for each of the
multiple detected index images and compares the calculated
distances. The system control unit 401 determines to use the
index image closest to the center point C for auto-alignment.
The system control unit 401, which is an example of a
selecting unit, selects the index image to use for auto-
alignment from multiple index images in this way. The
distance D between the center point C and the cornea bright
spot image index image Ta, and the distance D' between the
center point C and the IOL reflection ghost index image Ta'
is calculated by the following expressions (2) and (3).

D=((CX-XaP+(CY-Ya)>)? Expression (2)

D'=((CX-Xa"+(CY-Ya')?)}2 Expression (3)

At a step S06, the system control unit 401 calculates the
XY-axis directional position for the selected cornea bright
spot image index image Ta (Xa, Xb). The system control unit
401 calculates the Z-axis directional position from the
difference in the X coordinates (Xb-Xc) of the cornea bright
spot image index images Tb and Tc. The system control unit
401 then calculates the deviation between the calculated
XYZ-axis directional positions and the optical axis (image
center) regarding the XY-axis directions, and calculates the
amount of deviation from the proper distance regarding the
Z-axis direction. This processing is executed in the system
control unit 401 in a module region, which is an example of
a calculating unit, configured to calculate the state of align-
ment between the subject eye and the optical system from
the multiple detected bright spot images.

At a step S07, the system control unit 401 determines
whether or not the XYZ positions calculated at the step S06
are within the allowable range to complete alignment
(within the allowable range defining that the state of align-
ment is in a proper state). If within the range, the system
control unit 401 decides to complete the auto-alignment.
When the XYZ positions are not within the allowable range
to complete auto-alignment, processing proceeds to a step
S08.

At a step S08, the system control unit 401 controls the
motor drive circuit 413 to drive the X-axis drive motor 103,
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the Y-axis drive motor 104, and the Z-axis drive motor 108
in the XYZ directions for the amount of deviation in the
XYZ directions calculated at the step S06. After driving
these motors, processing returns to the step S02, and the
processing from the step S02 is performed. This processing
is repeated until it has been determined that alignment is
complete at the step S07.

When the displaying the calculated state of alignment, the
system control unit 401 displays the amount of deviation
calculated at the step S06 (distance from the current position
to the position at which the proper state is achieved) on the
LCD monitor 116 as the state of alignment.

As previously described, according to the present embodi-
ment, when the subject eye E is an IOL-implanted eye, the
actual cornea bright spot image index image that is not an
IOL reflection ghost can be correctly selected. For this
reason, the time and effort to perform alignment can be
reduced. Therefore, strain on the examiner and the subject
can be reduced during measurement. By using correctly
selected cornea bright spot image index images for auto-
alignment, automatic alignment (auto-alignment) can be
properly performed on subject eyes implanted with an IOL.
That is to say, false detections of IOL reflection ghost index
images can be prevented, and auto-alignment can be com-
pleted correctly.

According the previously described embodiment, selec-
tion was performed by the distance between the center point
C and the X and Y coordinates, but selection may also be
performed by only the X coordinate or the Y coordinate.
Selection may also be performed by setting a predetermined
range from the center point C, and determining whether or
not the index image Ta, which is the center of the cornea
bright spot image, is within this range.

According to the aforementioned description, a case is
assumed in which only one IOL reflection ghost occurs, but
the same effect can be obtained even for cases in which
multiple IOL reflection ghosts occur.

While an embodiment of the present invention has been
described in detail, the embodiment only serves as a specific
example to illustrate an implementation of the present
invention. The technical scope of the present invention is not
limited to the embodiment. Various modifications may be
made to the present invention without departing from the
scope of the present invention, and these are included in the
technical scope of the present invention.

For example, regarding the embodiment, an eye refrac-
tometer has been illustrated as an example of the ophthalmic
device, but the ophthalmic device is not restricted to an eye
refractometer. Regarding the present invention, ophthalmic
measuring devices other than an eye refraction measuring
device such as an ophthalmic photographing device, an
ocular axial length measuring device, optical coherence
tomography (OCT), etc., are applicable to the IOL eye
selection according to the present invention, as long as the
device is capable of transillumination observation.

Other Embodiments

Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions recorded on a
storage medium (e.g., transitory or non-transitory computer-
readable storage medium) to perform the functions of one or
more of the above-described embodiment(s) of the present
invention, and by a method performed by the computer of
the system or apparatus by, for example, reading out and
executing the computer executable instructions from the
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storage medium to perform the functions of one or more of
the above-described embodiment(s). The computer may
comprise one or more of a central processing unit (CPU),
micro processing unit (MPU), or other circuitry, and may
include a network of separate computers or separate com-
puter processors. The computer executable instructions may
be provided to the computer, for example, from a network or
the storage medium. The storage medium may include, for
example, one or more of a hard disk, a random-access
memory (RAM), a read only memory (ROM), a storage of
distributed computing systems, an optical disk (such as a
compact disc (CD), digital versatile disc (DVD), or Blu-ray
Disc (BD)™, a flash memory device, a memory card, and
the like.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-086878, filed Apr. 17, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An ophthalmic device comprising:

a measuring unit configured to measure information of a
subject eye;

a first projecting unit configured to project a light beam
onto the subject eye in a first direction;

a second projecting unit configured to project a light beam
onto the subject eye from a second direction different
from the first direction;

a selecting unit configured to select a bright spot image
corresponding to the light beam which is projected by
the first projecting unit and is reflected by the cornea of
the subject eye from among a plurality of first bright
spot images on the basis of a positional relationship
between the first bright spot image and a second bright
spot image corresponding to the light beam projected
from the second projecting unit, the plurality of first
bright spot images including a bright spot image cor-
responding to the light beam which is projected by the
first projecting unit and is reflected by the cornea of the
subject eye and a bright spot image corresponding to
the light beam which is projected by the first projecting
unit and is reflected by a portion other than the cornea
of the subject eye; and

a calculating unit configured to calculate a state of align-
ment between the subject eye and the measuring unit
using the bright spot image selected from the plurality
of first bright spot images.

2. The ophthalmic device according to claim 1,

wherein the second projecting unit is configured to project
a light beam to two symmetrical locations in relation to
an optical path for the light beam projected by the first
projecting unit; and

wherein the selecting unit is configured to select the first
bright spot image in a position near the center of two of
the second bright spot images as the reflected light
beam reflected by the cornea of the subject eye.

3. The ophthalmic device according to claim 1, further

comprising:

a deflecting unit configured to divide the reflected light
beam from the light beam projected by the first pro-
jecting unit into a plurality of reflected light beams to
be deflected in different directions, and change the
relative positions of the plurality of first bright spot
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images formed by the divided plurality of reflected
light beams depending on the distance between the
subject eye and the measuring unit;

wherein the measuring unit is located at a suitable dis-
tance to the subject eye for measuring the subject eye
when the relative positions of the plurality of first
bright spot images formed by the divided plurality of
reflected light beams are at predetermined positions;

and wherein the calculating unit is configured to calculate
the distance between the measuring unit and the subject
eye as the state of alignment on the basis of the relative
positions of the plurality of first bright spot images
formed by the plurality of reflected light beams
deflected by the deflecting unit.

4. The ophthalmic device according to claim 3,

wherein the deflecting unit comprises an alignment prism
diaphragm including a plurality of alignment prisms
configured to deflect the reflected light beam into the
different directions.

5. The ophthalmic device according to claim 1, further

comprising:

a detecting unit configured to detect first bright spot
images, and a second bright spot image.

6. The ophthalmic device according to claim 1, further

comprising:

a drive unit configured to drive the measuring unit; and

an auto-alignment unit configured to perform alignment
with the subject eye by controlling the drive unit based
on the state of alignment calculated by the calculating
unit.

7. The ophthalmic device according to claim 1,

wherein the measuring unit is operable to measure infor-
mation of an IOL-implanted eye implanted with an
artificial lens as the subject eye.

8. The ophthalmic device according to claim 1, further

comprising:

a display unit configured to display the direction of
movement from the state of alignment calculated by the
calculating unit to a proper state of alignment for the
measuring unit.

9. A control method for an ophthalmic device including a
measuring unit to measure information of a subject eye, the
method comprising:

projecting a first light beam onto the subject eye in a first
direction;

projecting a second light beam onto the subject eye by a
second projecting unit from a direction different from
the first direction;

selecting a bright spot image corresponding to a reflected
light beam reflected by the cornea of the subject eye
from among a plurality of first bright spot images on the
basis of a positional relationship between the first
bright spot image and a second bright spot image
corresponding to the second light beam, the plurality of
first bright spot images including a bright spot image
corresponding to the reflected light beam reflected by
the cornea of the subject eye and a bright spot image
corresponding to a reflected light beam reflected by a
portion other than the cornea of the subject eye; and

calculating a state of alignment between the subject eye
and the measuring unit using the bright spot image,
reflected light beam reflected by the cornea of the
subject eye, selected from the plurality of first bright
spot images.

10. The control method for an ophthalmic device accord-

ing to claim 9,
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wherein a light beam is projected to two symmetrical
positions in relation to the optical path for the first light
beam during projection of the second light beam; and

wherein the first bright spot image in a position near the
center of two of the second bright spot images is
selected as the reflected light beam reflected by the
cornea of the subject eye during the selecting step.

11. The control method for an ophthalmic device accord-
ing to claim 9, further comprising:

dividing the reflected light beam from the first light beam

into a plurality of reflected light beams to be deflected
in different directions;
changing the relative positions of the plurality of first
bright spot images formed by the divided plurality of
reflected light beams depending on the distance
between the subject eye and the measuring unit; and

calculating the distance between the measuring unit and
the subject eye as the state of alignment on the basis of
the relative positions of the plurality of first bright spot
images formed by the plurality of reflected light beams
deflected by the deflecting unit;

wherein the measuring unit is at a suitable distance to the

subject eye for measuring the subject eye when the
relative positions of the plurality of first bright spot
images formed by the divided plurality of reflected
light beams are at predetermined positions.

12. The control method for an ophthalmic device accord-
ing to claim 11, further comprising:

deflecting the plurality of reflected light beams using an

alignment prism diaphragm including a plurality of
alignment prisms to deflect the reflected light beam into
different directions.

13. The control method for an ophthalmic device accord-
ing to claim 9, further comprising:

detecting first bright spot images, and a second bright spot

image.

14. The control method for an ophthalmic device accord-
ing to claim 9, further comprising:

performing alignment with the subject eye by controlling

a drive unit which is operable to drive the measuring
unit, based on calculation results of the calculated state
of alignment.

15. The control method for an ophthalmic device accord-
ing to claim 9,

wherein the measuring unit is operable to measure an

IOL-implanted eye implanted with an artificial lens as
the subject eye.

16. The control method for an ophthalmic device accord-
ing to claim 9, further comprising:

displaying the direction of movement from the state of

alignment calculated during the calculating step to the
proper state of alignment for the measuring unit on a
display.
17. A non-transitory computer readable medium storing,
in a non-transient manner, a program containing processor
executable instructions which upon execution cause one or
more processors to execute the control method for an
ophthalmic device according to claim 9.
18. The ophthalmic device according to claim 1,
wherein the second projecting unit is configured to project
a light beam to at least two locations; and

wherein the selecting unit is configured to select the first
bright spot image in a position near the center of the at
least two of the second bright spot images as the
reflected light beam reflected by the cornea of the
subject eye.
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19. The control method for an ophthalmic device accord-
ing to claim 9,
wherein a light beam is projected to at least two positions
in relation; and

wherein the first bright spot image in a position near the
center of the at least two of the second bright spot
images is selected as the reflected light beam reflected
by the cornea of the subject eye during the selecting
step.

20. An ophthalmic device comprising:

a measuring unit configured to measure information of a
subject eye;

a first projecting unit configured to project a light beam
onto the subject eye in a first direction;

a second projecting unit configured to project a light beam
onto the subject eye from a second direction different
from the first direction;

an imaging device configured to pick up a plurality of first
bright spot images corresponding to the light beam
projected by the first projecting unit and reflected by
the subject eye and at least two second bright spot
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images corresponding to the light beam projected by
the second projecting unit and reflected by the subject
eye; and

an alignment unit configured to perform alignment of the
subject eye and the measuring unit by using, among the
plurality of first bright spot images picked up by the
imaging device, a first bright spot image near the center
of the at least two second bright spot images.

21. The ophthalmic device according to claim 20,

wherein the plurality of first bright spot images includes
a bright spot image corresponding to a light beam
reflected by a cornea of the subject eye and a bright spot
image corresponding to a light beam reflected by a
portion other than the cornea of the subject eye.

22. The ophthalmic device according to claim 21,

wherein the subject eye is a subject eye that includes an
artificial lens; and

wherein, among the plurality of first bright spot images,
the bright spot image corresponding to the light beam
reflected by the portion other than the cornea of the
subject eye is a bright spot image corresponding to a
light beam reflected by the artificial lens.
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